Background. Outbreaks of highly pathogenic avian influenza (HPAI) (virus type H5N1) have led to extensive bird culling and other control measures throughout the world, with implications especially for the livelihoods of the poor. There is limited empirical evidence for the impact of HPAI on poultry consumption and nutrition of vulnerable populations.
Background
Globally, many countries have taken steps to contain the spread of highly pathogenic avian influenza (HPAI) (virus type H5N1), driven largely by fears of human transmission. Insufficient consideration has been given to the risks that control measures place on the livelihoods of the poor in particular. Poultry culling and lowered demand for poultry products may take a greater toll on human health and well-being over the long term than the disease itself. Food-insecure populations are probably the most vulnerable to these effects. This study examined the potential nutritional impacts of an HPAI outbreak in Kenya, where many risk factors for both an outbreak and negative livelihood consequences are present.
Livestock is usually an important source of income and a vital asset for the poor. Shocks to livestock, such as from animal disease, are thus considered a threat to the livelihood of the poor from income loss and asset depletion. Nutrition is a component of livelihoods that may also be affected by animal disease through changes in income, in assets, and most directly in consumption.
Although Kenya has not yet experienced an HPAI outbreak, several countries in sub-Saharan Africa have now reported H5N1 epidemics in animals, including the neighboring country of Sudan [1] . Susceptibility to an HPAI outbreak in Kenya is increased by both Lora Iannotti and Devesh Roy Lora Iannotti is affiliated with Washington University, St. Louis, Missouri, USA; Devesh Roy is affiliated with the International Food Policy Research Institute, Washington, DC.
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Nutritional impact of highly pathogenic avian influenza in Kenya
the illegal trade in poultry products across its borders and the wild bird migratory routes that run through the country. There is some evidence for the economic consequences of HPAI in Kenya. In 2005, an HPAI scare resulted in losses of 2.3 billion Kenyan shillings due to lowered demand [2] . Widespread culling among poultry farmers also occurred during this scare.
Nutrition in Kenya may be negatively affected by HPAI through two likely pathways: losses in income and wealth to poultry-raising households and others employed by the poultry industry, and reduced availability of poultry as food to households ( fig. 1) . Both pathways could lead to reduced household dietary diversity and thus diminished quality of the diets of young children within households. Children between the ages of 6 and 36 months living in developing countries are highly vulnerable to undernutrition and the associated health consequences [3] . There are essential nutrients required in the diet of young children during the complementary feeding period that cannot be provided by breastmilk alone. The micronutrients vitamin A, zinc, and iron are critical for growth and health and are more bioavailable when provided by animal-source foods such as poultry meat and eggs than when provided by plants [4] . The need for diversity in the young child's diet and the importance of animal-source foods has been established in Kenya [5] [6] [7] [8] .
An estimated 67% of households in Kenya keep chickens. Most of these households are classified as keeping "backyard poultry," with small numbers of birds raised for eggs and generation of a small income [2] . This study examined the potential nutritional impacts of an HPAI event among households with children aged 6 to 36 months. It was hypothesized that HPAI would lead to an overall reduction in the consumption of poultry products (meat and eggs) and dietary diversity in both poultry-raising and nonpoultry-raising households. There are different pathways for the effects of avian flu on nutrition outcomes. Consumption effects arise from fears that result in shifting preferences away from poultry. On the supply side, reduced supply or availability of poultry products in the market or with households from disease mortality of birds or from control measures such as culling could also affect consumption of poultry products. (fig. 1) . The study tested the effect of reduced per capita poultry consumption at the household level on anthropometric measurements of children. Particular factors were anticipated to worsen the impact, including poverty, sanitary and hygienic conditions, place of residence, health of the child and the caregivers (e.g., HIV-affected households), and educational levels of household members.
Methods
Data from the Kenya Integrated Household Budget Survey (KIHBS) 2005/06, conducted by the Central Bureau of Statistics within the Ministry of Planning and National Development, were used for this analysis. The survey was designed to collect data on socioeconomic and health characteristics of the population, specifically on the poverty and welfare of Kenyans [9] . A total of 1,343 clusters were randomly selected from across the 70 districts of Kenya. In each cluster, 10 households were chosen with equal probability, for a total of 13,430 households. The analysis drew from two of the four survey instruments used: household questionnaires and household diaries of goods and services purchased and consumed. A community questionnaire and market price questionnaire were the other two KIHBS instruments. The global positioning system (GPS) applied for KIHBS contributed information for use in mapping. With the use of information from KIHBS, a number of variables were created for this analysis. For example, per capita expenditure (PCE) was calculated by summing all household food and nonfood expenditures and dividing by the number of adult equivalents.
Dietary diversity and consumption of poultry products
Indicators of household dietary diversity were developed for this analysis based on the methods developed by the Academy for Educational Development (AED)/ Food and Nutrition Technical Assistance project (FANTA) [10] . Household dietary diversity, which can serve as a marker of food access for measuring food security, is defined as the number of different food groups consumed over a given reference period. In this study, household dietary diversity was used to indicate the quality of the household diet and as a proxy for micronutrient nutrition. With household reporting of foods consumed in the previous week (purchased plus own consumption), the following 10 food groups were generated based on the FANTA guidelines: cereals; tubers and bananas; pulses; vegetables; fruits; meat and poultry; fish and seafood; milk, cheese, and eggs; oils and fats; and sugar and other sweets. For the dietary diversity analysis, two indicators were created. The first summed the total number of food groups consumed by households in the previous week, and the second was the proportion of households reporting any consumption of animal-source foods in the previous week. Animal-source foods combined the meat and poultry, fish and seafood, and milk, cheese, and eggs groups. These indicators were developed to serve as a proxy for micronutrient nutrition [11] .
A series of variables was also generated from these data to look more specifically at poultry product consumption for the analyses of HPAI impact. In addition to the group consuming animal-source foods (beef, pork, chicken, camel, fish, other seafood, milk, cheese, eggs, and other dairy products) described above, a group consuming poultry products only (poultry and eggs) and a group consuming other animal-source foods besides poultry products (beef, pork, camel, fish, other seafood, milk, cheese, and other dairy products) were created. Finally, a dichotomous highpoultry-consuming household and not high-(i.e., low) poultry-consuming-household variable was generated by classifying households into those with weekly consumption of poultry products above and those with weekly consumption of poultry products below the mean for the sample, respectively. It was hypothesized that HPAI would cause households to become classified or remain in the low-poultry-consuming category, with the resulting nutritional consequences.
Anthropometric measurements of children
Anthropometric measurements of children were a primary outcome in this study. Z-scores were generated for weight-for-age (WAZ), height-or length-for-age (HAZ), weight-for-height or -length (WHZ), and body mass index (BMI) using the World Health Organization (WHO) Growth Standards [12] . A child was classified as stunted when HAZ < -2 SD, underweight when WAZ < -2 SD, and wasted when WHZ < -2 SD.
Data analysis
The study examined the effect of HPAI on nutrition in children between 6 and 36 months of age, focusing on income and availability of poultry products in households raising poultry. Univariate analyses were performed using t-tests and Pearson's chi-squared test of independence to first assess differences in socioeconomic and demographic characteristics between poultry-raising and non-poultry-raising households. When distributions were highly skewed, Fisher's exact test was applied to compare the different groups. Similarly, differences in nutritional outcomes between poultry-raising and non-poultry-raising households were assessed. The nutritional outcomes were the number and type of food groups consumed, reported from own production and purchased foods by households; and anthropometric measurements as z-scores and indicators of undernutrition, including underweight, stunting, and wasting.
The Poisson model was applied to model determinants of household dietary diversity as represented by the total number of food groups consumed by households [13] . This outcome variable provided count data ranging from 0 to 9, indicating the total number of food groups reported consumed in the previous week. A probit model was applied to examine determinants of the binary outcomes of weekly consumption of animalsource food, stunting, and underweight. A system of equations approach was also used to model determinants of anthropometric outcomes in children aged 6 to 36 months [13] . Seemingly unrelated regression equations (SUR) for continuous outcomes were applied to examine the predictors of HAZ, WAZ, WHZ, and BMI in poultry-raising households as well as in the full sample. These techniques allowed for testing whether the error terms, or the unobserved factors influencing consumption of animal-source foods or nutritional status, are correlated across equations. The standard errors of the estimate were clustered at the province level to adjust for correlation among observations from the same province [14] .
Propensity score matching (PSM) modeled the effects of an HPAI shock through the pathway of reduced household consumption of poultry products. This would result from either the supply side (from reduced availability of poultry foods due to drops in own production or at the markets) or the demand side (from households shifting preferences and deciding not to consume poultry products). It was assumed that if a household moved from high per capita poultry product consumption to low or no poultry product consumption, the child's consumption would also drop. PSM constructs a statistical comparison group based on a model of the probability of participating in the treatment (low poultry product consumption): P (X) = Pr (d =1|X). A propensity score is obtained using a probit model. X represents a set of observables likely to be correlated with participation in treatment and with the outcomes (child anthropometry), and d = 1 denotes treatment.
Implementation of PSM requires a region of common support, where the distributions of propensity scores for the treatment and comparison groups are overlapping and the balancing property is satisfied. For the balancing property to be satisfied, the average propensity score and X variable means (between treatment and control units) are not statistically different within blocks (usually quintiles) of the propensity score distribution. Matching estimators were implemented using bias corrected nearest neighbor matching estimator [15] . The nearest neighbor matching based on Abadie and Imbens [15] was chosen because analytical standard errors are possible for estimates of treatment effects. In other cases of matching, standard errors have to be obtained by bootstrapping. The difference in outcomes between the children in the treatment and control groups who have similar propensity scores (conditional on the set of observables) gives the average effect of the treatment (low poultry consumption) on the treated (Average Treatment Effect of the Treatment on the Treated (ATT).
Statistical significance was set at p < .05, and all data analyses were performed with the Stata software package, version 11.0.
Results
Socioeconomic and health characteristics are presented for the entire sample, and then for poultry-raising and non-poultry-raising households because of the hypothesized difference in the nutritional impact of HPAI (table 1). In this analysis of households with children aged 6 to 36 months, 47.2% reported raising poultry. Among these households, the median number of birds owned was 7, and the range was from 0 to 603. Only 5% of households (100 of 2,050) owned more than 30 birds, while 67% (1,381 of 2,052) owned 10 or fewer. The vast majority of poultry was chicken; 1.2% (25 of 2052) of the households reported raising some other kind of poultry besides chicken. Stunting prevalence was significantly higher in poultry-raising households, and wasting prevalence was significantly higher in non-poultry-raising households. The mean age of the children, which is strongly associated with nutritional status, was similar in the two groups. Over a third of the children had experienced an acute illness or injury in the month before the survey, with a significantly higher prevalence in the poultry-raising households. Among all households, fever or malaria was the most common illness reported (46.1%), followed by acute respiratory infection (20.0%) and diarrhea (13.2%). There was a relatively low prevalence of chronic disease among the children.
Nearly three-quarters of the households were in rural areas; the deference in terms of place of residence between rural and urban location was greater in poultry-raising households than in non-poultry-raising households. The distributions of total annual household income and per capita expenditure were highly skewed to the right across all groups. Evidence for poorer sanitation and hygiene conditions was apparent for the majority of households. Nearly one-fifth of the population had reported using neither a flush toilet nor a latrine, and drinking water for most of the population came from unprotected and potentially contaminated sources.
Nutritional outcomes
The highest prevalence of stunting was found in the Coast and Eastern provinces of Kenya (table 2) . Stunting prevalence in Nyanza and the Rift Valley, however, still exceeded one-third. The disparity among provinces was greater for underweight prevalence. The Eastern and North Eastern regions had the highest prevalence of underweight and the lowest mean WAZ, followed by the Coast.
The mean number of food groups consumed by households was 2.5 ± 1.3. Higher percentages of the population reported consuming foods from the cereals group (57.8%) and vegetables group (43.5%) than the other eight groups. Differences between poultry-raising and non-poultry-raising households were apparent for the food groups cereals; tubers and bananas; pulses; vegetables; fruits; and milk, cheese, and eggs ( fig. 2) . Most households reported consuming food from two, three, four, or five different food groups in a week ( fig. 3) .
On average, the value of poultry consumed per capita, through own production or household purchases, was 412 ± 1,239 Kshs, whereas the mean value of food consumed from the dairy group (milk, cheese, and eggs) was 2,187 ± 5,130 Kshs. Both distributions were highly skewed to the right. Thirty-three percent of households were classified as having high consumption of poultry products, with reported levels above average.
Household dietary diversity was significantly predicted by several wealth and income variables ( table 3) .
Education of the household head, urban residency, and total household income were strongly predictive of higher numbers of food groups consumed by households. High household consumption of poultry products was again positively associated with wealth (table 4). Being a poultry-raising household and having livestock wealth significantly determined whether a household consumed poultry products above the mean for the sample. Consumption of other food groups, including other animal-source foods, vegetables, fruits, and pulses, was positively related to high consumption of poultry products by the households. Nutrition outcomes were modeled through use of child anthropometry (HAZ, WAZ, and WHZ) for poultry-raising households alone (table 5) and in the entire sample (table 6). Significant error term correlations were found for all equations (p < .05). In the first model of poultry-raising households, several variables were found to significantly predict WAZ and HAZ, but not WHZ. Children from households with higher percentages of children under 6 years of age had lower HAZ, WAZ, and WHZ scores. Children from female-headed households had higher WAZ and HAZ scores. Urban residency increased WAZ and, in particular, HAZ, by a greater magnitude than other determinants. In the full sample, educational level consistently had a positive effect on child anthropometric measurements. HAZ, WAZ, and WHZ scores were higher for girls than for boys and lower for older than for younger children. Per capita consumption of poultry products had no significant effect on anthropometric measurements, whereas children consuming dairy products, including milk, cheese, and eggs, had higher WAZ and HAZ scores. 
Impact of HPAI on child nutrition
The PSM model for the impact of HPAI on child nutrition compared poultry-consuming and non-consuming households in a sample restricted to families with children. The effect of HPAI was simulated through reduction in own and purchased consumption of poultry. The counterfactual of low per capita expenditure (smaller than mean level) including consumption from own production households was assumed to occur as a result of an avian influenza outbreak. The results of both PSMs are presented in table 7. The results show that the likelihood of stunting was increased by 3.9
percentage points in households with low per capita expenditure on poultry. The likelihood of being underweight was similarly increased by about 5 percentage points, and WAZ was decreased as well. The balancing property was satisfied for the following sets of variables: age of the child, sex of the child; household size; educational level of household head; sex of household head; rural residency; share of nonfarm income; ownership of land; and nonzero consumption of other animal-source foods beyond poultry and eggs, vegetables, fruit, and pulses. Higher orders of some variables were included to satisfy the balancing property. 
Discussion
This analysis focused on the potential impact of HPAI on the nutrition of children aged 6 to 36 months living in Kenya because of the critical consequences of undernutrition during this period [3, 16] . We found that the reduced household consumption of poultry products that would likely result from HPAI in Kenya would increase the prevalence of stunting by 3.9 percentage points and would lower LAZ and WAZ across the entire distribution of Kenyan children. The study showed that there were other conditions present in the population that would increase the vulnerability to negative nutrition outcomes resulting from HPAI or other zoonoses.
One-third of all children were stunted, and 42% were acutely ill in the month before the survey. Both of these conditions potentially indicate micronutrient deficiencies and could predispose the children to worsened health consequences from an HPAI event [17, 18] . We also found regional vulnerabilities in the Eastern and Nyanza provinces, where there is a high risk of HPAI disease [19] combined with a high prevalence of undernutrition among children aged 6 to 36 months. Another important determinant of child nutrition in Kenya likely to be impacted by HPAI was household wealth. Two pathways were considered in this study: losses in income and wealth, and reduction in the availability of poultry products for consumption. Although the HAZ, height-for-age z-score; HPAI, highly pathogenic avian influenza; PSM, propensity score matching; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score latter was selected for use in PSM, the income and wealth effects should not be minimized. Both lead to reduced household dietary diversity and compromised quality of the young child's diet. Income, PCE, and other measures of wealth (land size, value of farmland) were significant predictors of household dietary diversity. In Kenya, several studies have found that the lack of dietary diversity in children is associated with undernutrition and micronutrient deficiencies [5, 6] . Evidence for lack of dietary diversity was also found in the Demographic and Health Survey 2003 in Kenya, with small percentages of children under 5 years of age consuming foods from several of the food groups. The survey also found that only one-third of children 6 to 59 months of age had received vitamin A supplements in the previous 6 months. Our analysis showed that both poultry-raising and non-poultry-raising households consumed on average only 2.4 food groups in the previous week, suggesting a high risk of inadequate micronutrient intakes. Animal-source foods are an important source of bioavailable micronutrients in the diet. When poultry products were removed or reduced, linear growth was affected. Poultry meat and other meat products are rich in zinc, which has been associated with linear growth [17] . In the event of an HPAI outbreak or other zoonotic disease (Rift Valley fever, Newcastle disease, etc.), efforts may be needed to protect the consumption of animal-source foods, especially among young children. Forty-two percent of households with children aged 6 to 36 months in this analysis reported raising poultry. Although household reporting of poultry meat consumption was relatively low, there was evidence suggesting consumption of eggs, a good source of vitamins A and B 12 . Livestock wealth was found to predict consumption of animal-source foods.
Previous studies have shown that consumption of animal-source foods is vital for growth and iron, zinc, and vitamin B 12 status in Kenyan children. One study in the Embu District of Eastern Province supplemented 544 school-aged children (median age, 7.1 years) with different foods (meat, milk, extra fat, or control) added to githeri, a local dish, over an 18-month period. After adjustment for baseline values, age, sex, socioeconomic status, and morbidity, differences in weight gain were found between all treatment supplemented groups and the control group, and differences in the increase in lean tissue mass were found between the meat group and all other groups [7] . In another school-based study, children assigned to a meat group had the steepest rate of increase on the Raven's Progressive Matrices and arithmetic tests, the greatest increase in percentage of time spent in high levels of physical activity, and the greatest increase in initiative and leadership behaviors, compared with all other groups. Among younger children and stunted children, milk supplementation was associated with the greatest rates of height gain.
Mid-upper-arm muscle area among children consuming meat was twice that in children not consuming meat [20] . The prevalence of low plasma vitamin B 12 was also reduced among those consuming meat and milk [8] .
This study highlights other important factors that could increase the vulnerability of households to harmful nutritional impacts in an HPAI event. Identifying these factors may provide insight into appropriate targeting of social protection or preventive public health programs. It also showed regional differences in undernutrition among children 6 to 36 months of age, with higher prevalence rates of stunting in the Coast, Eastern, Nyanza, and Rift Valley provinces and higher prevalence rates of underweight in the Eastern, North Eastern, and Coast provinces. These findings are consistent with the nutrition results from the Kenya Demographic and Health Survey 2003. A study has found that the Western and Nyanza provinces and parts of the Eastern Province are regions of high disease risk [19] . Thus, from a nutrition perspective, particular attention may be needed to poultry-raising households in the Eastern and Nyanza provinces.
Another risk factor may be morbidity in populations, both acute and chronic. There is a known interaction between infectious disease, undernutrition, and mortality in young children. Undernutrition increases the risk of death from diarrhea, pneumonia, malaria, and other diseases in young children, while infectious disease leads to micronutrient deficiencies and other forms of undernutrition [16, 21] . There were high prevalence rates of infection in this population, including malaria, diarrheal disease, and even acute respiratory infection. Chronic disease, such as HIV and tuberculosis, should also be considered a risk factor in adult populations, both in terms of increased vulnerability to nutrition impacts and in susceptibility through livelihood impact pathways [22] . A report by UNAIDS [23] notes that HIV prevalence in Kenya is 7.4%, with differences according to sex, ethnicity, province, and urban versus rural residence.
Maternal educational level is commonly a predictor of child nutritional status. In this study, information on the mother's educational status was not always available unless she was classified as the head of household. The educational level of the household head, regardless of sex, was strongly associated with the anthropometric findings. The study also highlights the importance of income and wealth for protecting against micronutrient malnutrition. Household income and other markers of household assets and wealth were strongly predictive of the nutrition outcomes. The study further reinforces the literature showing that dietary diversity and quality, and in particular, consumption of animal-source foods, are linked to the economic viability of households [24, 25] .
This study had some limitations. It hypothesized an impact of HPAI on the quality of young children's diet and ultimately on micronutrient nutrition. Although stunting may serve as a proxy for zinc deficiency in particular [17] , the data did not have other indicators of micronutrient status to test this outcome. Further, the PSM model examined the effect of a reduction in consumption of poultry products by categorizing households as above and below the average level of consumption. This indicator could be further refined if quantifiable measures of the true reduction in poultry product availability were available. This conservative marker, however, provides evidence for a negative nutritional impact of HPAI. Finally, a localized HPAI outbreak and its effect on nutrition in certain subgroups was not explored extensively. Given the vulnerability to undernutrition, morbidity, and poverty in Kenya, this is recommended in the future.
Another limitation of the study relates to use of propensity score matching. In this method, similar children are compared where the similarity is assessed based on observed characteristics. It is possible that similarity between treatment and control groups might not hold on the basis of unobserved characteristics. With the observed data, the choice of variables is extremely critical. We looked for variables that are highly correlated with being in treatment as well as outcome variables. The issue of unobserved variables is mitigated to some extent in the case of panel data, which are preferable for identifying causal links and handling unobserved variation. It is, however, necessary to use cross-sectional data for the context in this study, i.e., the effect on early childhood nutrition. Because infants and young children age out of the vulnerable period in a relatively short window of time, it may not always be feasible to survey repeatedly during this period.
Complex analysis can be done with multiple outcome variables over different stages of age transformation, but it would require intertemporal data on food intake and nutrition markers relevant for the particular age, data that do not exist. In this type of study, the focus would have been on the evolutionary path of outcomes affected by nutrition.
Heckman et al. [26] showed that omitting important variables can seriously increase bias in the resulting estimates. Only variables that simultaneously influence the decision to participate and the outcome variable should be included. Heckman et al. [27] also point out that the data for participants and nonparticipants should stem from the same source (e.g., the same questionnaire). This is the case in the KIHBS.
